Objective: To investigate the epidemiological trends of measles in the Littoral, North-west, South-west and Western regions of Cameroon in order to improve measles control.
INTRODUCTION
Measles is a cosmopolitan infectious disease with high morbidity and mortality rates. It is influenced by family size, population density, birth rate, population movement and immunization coverage [1] . Despite widespread availability of the measles vaccine, about 39.9 million cases occurred in 2000, and killed some 614,000 children worldwide [2, 3] . Until recently, epidemics were registered each 3-4 years, particularly in developing countries where children who had received vaccine shots were also affected [4] [5] [6] . Low coverage, primary vaccination failure [7, 8] , and poor maintenance of the cold chain are the main reasons given to explain these outbreaks. Waning of measles vaccine-induced immunity can lead to the occurrence of measles in immunized children [9] . The duration of immunity induced by primary vaccination is known to be long lasting [10] .
Measles is a disease with a proven safe and cost-effective intervention. Its eradication is feasible [11] with high vaccination coverage among infants through routine health services. Proper handling of vaccines is mandatory for effective measles control.
Since 1986, the implementation of the one-dose, measles vaccine was provided to children at 9 months in Cameroon, using the facility-based or out-reaches mobile strategy. However coverage was less than 50% for a decade. Up to 2001, Cameroon was one of the 20 countries of the world, with frequent measles epidemics. In the three northern regions, epidemics occurred yearly or every three years in the seven other regions of Cameroon [12] . Supplemental immunization activities (SIAs) leads to high vaccination coverage and more measles cases and deaths averted, compared to the single dose schedule [13, 14] . Since the implementation of the SIAs in Cameroon, the incidence of measles has declined [15, 16] .
Before 2000, measles surveillance in Cameroon was poor on aggregate numbers of cases reported by health facilities. Parameters such as age-specific rates, vaccination status, complications and outcome following measles were not well documented, especially in the southern part of Cameroon (Littoral, North-west, South-West, and Western regions), where frequent epidemics were noted. The aim of this study was to assess the epidemiological trend of measles in this part of Cameroon to have baseline information on control program operations.
MATERIALS AND METHODOLOGY

Study Design and Data Collection
This cross-sectional study was carried out over six months, from October 2002 to April 2003 and reviewed data on measles cases over a period of six years four months (January 1997 to April 2003). This study focused on two steps of measles surveillance in Cameroon: the passive and the active phases. During the active phase, measles suspected cases were investigated and the blood tested for the presence of IgM antibodies against the measles virus. Four regions of Cameroon (Littoral, North West, South West, and West) were studied (Fig. 1) . These regions were selected because of their demographic weight, high measles-related morbidity and low vaccination coverage and frequent measles epidemics. The study consisted of systematically reviewing the disease report forms at the level of the district and regional public health services. The investigator (F.N.) collected data with the support of the local health personnel at the health facilities and the administrative services. Registers in the health facilities where the measles cases were reported were next reviewed.
Data was recorded using the weekly, the monthly and yearly report forms for reportable diseases of the Cameroon's Ministry of Public Health, and was obtained from the district health services and the regional delegations of public health. Missing data at this level was obtained from registers in health facilities. Computations were performed with reference to the demographic data of the 1987 official census population which was 10.5 million inhabitants. This study was approved by the ethics committee of the Cameroon's Ministry of Public Health.
Data Collection on the Parameters of Measles Cases
It was based on the inpatient and outpatient registers of the health facilities.
The clinical case definition of measles in this study was the presence of fever and a generalized maculopapular rash, and any of the following symptoms (coryza, cough, or conjunctivitis) according to WHO [17] . Only the case definition was used until September 2002.
Since October 2002, any case that meets the case definition of measles is investigated in Cameroon. Blood analyses are performed for measles IgM antibodies titers in "Centre Pasteur" of Cameroon. From the report forms for reportable diseases, cases recorded at the district health services were serologically followed up. Child age, sex, immunization status, place of residence, date of diagnosis, complications, treatment modalities, duration of hospitalization and outcome of the cases were recorded. The sample was comprised of all consecutive cases reported during the study period.
Statistical Analysis
The associations between variables were performed with the Chi square test. An association was significant if the p value was < 0.05. 
RESULTS
Measles Incidence from January 1997 to April 2003 and Distribution of Cases with Respect to Regions (Figs. 2 and 3)
In all, 33,268 cases were recorded from the 63 health districts of the four regions studied. Measles was endemoepidemic, as it occurred the whole year with outbreaks coinciding with the months of February to April (Fig. 2) . The average incidence rates was 4.8‰ per year from January 1997 to December 2002, with outbreaks reported in 1998 (4.1 ‰) and three years after (5.8 ‰ in 2001). The lowest rate (0.9‰) occurred in 2002. The Western region registered 36.2% of the cases, followed by Littoral (31.7%), North-west (19.9%) and South-west (12.7%).
Distribution of Cases with Age
Complete data sets for 16,637 cases of public (59%) and mission (39.8%) health facilities indicate that 47.4% were children aged 9 to 59 months. Those 60 months or above, and those less than 9 months represented 37.4% and 15.2% of the cases respectively (Fig. 4) . Fig. (4) . Distribution of measles cases with age.
Distribution of Measles Cases with Age and Reported Immunization Status
The immunization status was not always mentioned in the registers in the health facilities. It was recorded in 766 (4.6%) out of the total 16,637 cases of measles cases (Fig.  5) . Among them, more than half (415 cases) representing 2.5% of the 16,637 cases had already been vaccinated against measles. The 0 to 9 months age group represented 15.3% of the measles cases.
In all, 273 out of 351 (77.8%) of the unvaccinated cases were more than 9 months old. Fifty four percent of vaccinated cases were recorded in the 9 to 59 months age group.
Distribution of Complications with Respect to Regions and Age
Complications were frequent in the Western (53.7%) and the Littoral (33.7%) regions and 53.3% were bronchopulmonary infections. Complications were equally distributed in the age groups, and 75.7% occurred in the less than 60 months' old, amongst which the less than 9 months represented 27.3%.
Disease Outcome
The global case fatality rate was 1.6% ( Table 1) . The mortality rate was 2.7% in the South-west, 2.4% in the Western, 1.6% in the North-west and 0.6% in the Littoral regions. It was 2.1% and 2.2% respectively in children less than 9 months and in those of 9 to 12 months. Thereafter it decreased significantly with age ( for trend= 43,8 p < 10 -4 ).
The most frequent cause-related disorders of death were malnutrition (34.4%), neurological (35.3%) and digestive (26.2%). Most deaths occurred within the first 2 days following admission in the hospital.
Distribution of Measles Cases According to Region and Serologic Tests (October 2002-April 2003)
A total of 201 cases of measles were recorded during the first seven months (October 2002-April 2003) corresponding to the period which Cameroon started active measles surveillance phase. In the Littoral region, 38 occurred as an outbreak. Twelve out of 15 cases in which antibody titers were determined revealed the presence of anti-measles IgM (80%) antibodies. Measles was confirmed in 4 of 5 (80%) cases aged less than 6 months old and in half of the children less than 9 months.
DISCUSSION
Measles Incidence and Distribution of Cases with Respect to Regions
Measles was seasonal at the study sites, and its transmission was annual with outbreaks occurring between February and April, coinciding with the dry seasons. Outbreaks were reported in 1998 and three years after (in 2001). This pattern has also been described by Fauveau et al. [18] . The transmission rate of 0.9‰ observed in 2002 corresponded to the postepidemic periods and the intensification of the measles control periods, during which the vaccination coverage was reinforced in Cameroon.
The number of measles cases was elevated in the Western and the Littoral. These regions are amongst those with the highest population density. The population density was more than 1001 inhabitants per km 2 in the Littoral; the three other regions had equal population densities (more than 250 inhabitants per km 2 ). This parameter alone could not explain the rate of occurrence of measles. Population movement, vaccination coverage and climatic conditions could have influenced the trend of the disease in these regions.
Distribution of Cases with Age
Measles occurred mostly in children aged less than 59 months in the four regions of the study. It affected 15% of children less than 9 months old, the age recommended for vaccination against measles in Cameroon. During an outbreak in 2001 in Yaounde, 92% of measles cases tested revealed the presence of IgM antibodies [6] . At the same time, the virus was isolated in 81% of the cases, and the 12 to 59 months old children represented 62% of cases [6] . Even in rural Bangladesh [18] , children aged less than 9 months old suffered the greatest burden of this disease although they were not eligible for vaccination. Kiepiela et al. demonstrated that maternally acquired measles antibody titres rapidly declined so that at 9 months, children are no longer protected [19] . Considering the expanded program of immunization (EPI), the question now is should the anti-measles vaccine be implemented earlier? According to Nokles et al. [20] , it is not beneficial to simply reduce the vaccination age. A two doses of measles vaccination policy is more efficient for measles control than the one dose currently administered [13, [21] [22] [23] [28] [29] [30] , but budgetary constraints constitute a serious barrier for the implementation of this strategy. Besides, a multidose program may distract the delivery of the routine vaccine at 9 months to the most vulnerable children [24] .
Distribution of Measles Cases with Age and Reported Immunization Status
Measles affected both vaccinated and unvaccinated children in Cameroon. Concerning measles amongst vaccinated children, similar situations have been reported in others settings [6, 7, 25] . The persistence of maternally acquired measles antibodies at the age of vaccination could have also induced vaccine failure. For this reason, even with good vaccine conditions, 15% of children, failed to be protected [26] . The ideal is to push the age of measles vaccine delivery at 12 to 15 months but, children will no longer have maternally acquired antibodies and many will develop measles before the vaccination. In developed countries, measles affected vaccinated and older children, with the 5 -9 years age group representing 1/3 of the cases [27] . In the highest vaccination coverage settings, it occurred mostly among vaccinated children during epidemics [28] . The situation is different in our context where the vaccination coverage remained low, and where the most affected age group were less than 60 months old.
Primary failure and waning of vaccine-induced immunity cannot explain our results. Waning immunity is not a risk factor of measles [29] , but rather the effectiveness of the measles vaccine. In Cameroon, vaccines may be delivered under suboptimal conditions, and this might have increased the susceptibility of infants to measles. Poor quality of the cold chain in the vaccine storage, transportation, handling and ineffective immunization technique could be some of reasons for failure. Some health facilities in Cameroon do not have refrigerators and power failure occurs and may last for many days. We also noted that in some health facilities, in the refrigerators used to store vaccines, drinking water and foodstuffs were also stored alongside.
In the unvaccinated children, low vaccination coverage as a risk factor of the occurrence of measles [24] is not due to the vaccine shortage in our context. In fact, 90% of health facilities had a continuous supply of vaccine [30] , but all the children were not targeted. Cultural barriers combined with low socioeconomic status and the inadequate quality of health care delivery could limit the population from access to the vaccine.
Disease Outcome
Bronchopulmonary infections were the most frequent complications (53.3%) followed by neurogical (convulsions) and digestives (mostly diarrhoea). Some studies revealed that, two-thirds of measles cases developed respiratory tract complications and diarrhea [31] , and these disorders were most frequently associated with death [7, 32, 33] . According to Kabir et al, failure to vaccinate children in the first year of life against measles contributes to 27% increase in the mortality rate [34] . In the present study, patients were given antibiotics systematically and this practice could have reduced the number of bacterial infections which could be fatal. The case fatality rate (1.6%) in this study is a problem, especially in children aged less than 9-months old. All deaths might not have been recorded because 41.2% of the measles cases were managed on outpatient basis and 17.4% were lost to followup.
Limits of the Study
The study was limited to the administrative health services and the health facilities. The under reporting and mishandling of data, the behavioural under-utilisation of health facilities for measles care could have rendered our data less reliable. One is tempted to ask whether the cases clinically diagnosed were really measles cases? This question can not be answered precisely since the biological proof of measles started later in 2002. Besides, the immunization status was not always noted and the vaccination records were not always seen. The study was also not limited to children and the number of inhabitants was derived from the 1987 population census. There might have been some bias related to the population at risk of measles.
CONCLUSION
Unless mass immunization campaigns are undertaken, measles remains a public health problem in the Littoral, North-West, South-West and Western regions of Cameroon, where epidemics were frequent. Measles was seasonal at the study sites with transmission annually, and outbreaks occurring after three years. Vaccinated and unvaccinated children were both affected. The most affected age group was the 9-59 months. In those less than 9 months old (not eligible for vaccination according to the EPI in Cameroon), mortality was high. Poor quality of the cold chain for vaccine storage, transportation, handling of the vaccines might have been some of the causes of the occurrence of measles in the vaccinated population.
We thus recommend that special attention should be given to the cold chain and reinforcement of the competence of health care workers in the proper handling of vaccines and best practices in vaccination techniques. The power managers (AES-SONEL) and health workers should be sensitised on the disastrous effect of the power shortages on vaccine storage and its consequences on the health of the population. The implementation of an integrated supervision of health services and health care activities needs to be improved. Finally, strategies to include a second vaccination opportunity and the improvement of the vaccination coverage are crucial for the reduction of the number of unvaccinated children and thus the occurrence of measles in the less than 9 months old.
To overcome re-occurrence of measles outbreaks, the Cameroon's Ministry of Public Health has adopted strategies based on the strengthening of the EPI, reinforcement of casebased surveillance of measles, and the implementation of mass immunization campaigns. Since 2002, the supplemental immunization activities have enabled a drastic decrease in the incidence of measles in the country. The number of the confirmed cases decreased from 220 in 2002 to 41 cases in 2007 [34] .
